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Mach’s Principle:

The Inertial mass of a body Is determined
by the distribution and flow of mass-
energy In the universe. (see arXiv)

Ernest Mach 1872 rejected the existence of absolute space In
favor of relative motion with respect to a “fixed frame”
provided by the matter distribution in the universe.

E. Mach “The science of Mechanics — A critical Historical
account of its Development,” (Open Court, LA Salle , 1960.)
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INn 1953 Dennis Sciama [1]
the “gravelectric” field is given by:

where E is the gravelectric field strength,
Fo/m and @ and A, are fhe scalar ana
three-vector potentials of the field.

This A4 is fully consistent with the modified PPN approx, where a
Lorentz transformation is used on the flat space-time metric,
Nordvedt [2,7], Sultana & Kazanas [3], Cook [4].



where p is the "matter’ density, v the velocity of
the matter in the integration volume element,

r the distance to the volume element, and the
Integration extends over all space.

Consistent with LW potentials in SR. (Sciama used ©/G ).



where G is Newton's constant of gravitation,
M the mass of the universe, and R (= cf) Is the

radius of the “Hubble sphere”. The equation
for the gravelectric field thus is:




The fact that inertial reaction forces are
Independent of fime and place requires
that the masses of things be equal to their
total gravitational potential energies.

E:mC2 gg:mg¢
F=c =>m=m
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Sciama’s calculation is a vector approximation to
general relativity done for idealized situation.

Is this true for a general relativistic calculation
using realistic cosmological parameters? [3]
Factor 4 missing Nordvedt [2]. Yes.

F=0.23ma, fixed F= 0.92ma !

no gravity forces, [4 cook],
“frame dragging” [6]

[3] Sultana, J. and Kazanas, D. “The problem of inertia in Friedmann
Universe”, 2011, arXiv: 1104.1306v.

[6] Pascual-Sanchez, J-F. “The harmonic gauge condition in the
gravitomagnetic equations” arXiv: gr-qc/0010075v 1



Is @, like c, in fact a locally measured invariant —

required If inertial forces are due exclusively

to gravity? Definition of geodesic gives you the force/m!
(g, Nordtvedt)

GMma Gm J‘ or)a(r)
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YES. This was shown by Carl Brans [8] in 1960’s
If not g/m ratios of elementary particles

would vary, depending on the local gravity field
present. NO such variation is observed!

Inertial forces are due to gravity... so what?



In analogy with electrodynamics where the force per unit
charge Is given by the electric field, and

DVE=4T1p
where p Is the charge per unit vol. in Gaussian units.

4-force/mass

The Divergence of the force/mass for the gravitational field

Is given by, @Fﬂ :47ZG,0

where p Is mass per unit vol. (metric - +++). Expanding...
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MORE MATH THAN YOU WANTED TO SEE...

where E, is energy density and E,= p,C?

1 ZE, { 1 T(ﬂi
pce a> \pc’)\a

_\72
V. E, =V*¢

E,=p,¢
1 FE, 17¢ 2 Apop,
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Note the transient terms on the RHS of the eqn.

12



Last of the math!
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thus can write Oom in terms of Power P...



THE "MACH EFFECT" EQUATION

QUANTIFIES THE MAGNITUDE OF THE PREDICTED MASS FLUCTUATIONS IN
ACCELERATED OBJECTS:

1 oP | 1 > p?
5my~ -

4G p,C” ot p,C” v

¥ The linear term in P [the power delivered to a capacitor] is
the “impulse engine” term.

* The quadratic termin P is the “wormhole™ term (because it

is always negative), normally a factor of 1/c2 smaller than
the impulse engine term.

¥ Note, nowever, that this is only frue for exiended oojects
under-going "oulk” accelerations.

—r et A
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The gravitational/inertial effects in
guestion are transients;

fluctuations in the rest-masses of objects
accelerated by external forces that
undergo changes in their internal
energies as they are accelerated.

PZT IS THE ACTIVE MASS, (PIEZO-ELECTRIC EFFECT ... V)

THE EXTERNAL FORCE IS CAUSED BY THE ELECTRO-STRICTIVE
FORCE IN PZT, GOES AS V?
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The prediction equations (see paper for
details [5] ):

The Mach effect mass fluctuation written with explicit acceleration
dependence:

o+ ok 1
AzGp,c*> ot 4nGp,c’

om,

m,a

At resonance:
| =1, cCOSwt
V =V, cosat

°my K K, X V'
872G p,C°

F=6mX~ (L+2c0s2et +cosdat )

(The calculation is in the paper.)
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Vibrational Modes of PZT http://web.ift.uib.no/~jankoc/thesis/

PZT-A5
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What if you can make the mass of a
PZT disc fluctuate, and act on it ina
direction when it is heavier and in the
opposite direction when it is lighter?

gL

Pull on reaction mass when light. Heavy, push : PZT expanding

_ ACCELERATION
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Devices to test for the
presence of Mach effects




Apparatus and
experimental protocols
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The USC/ARC style thrust balance in its present form.
The balance beam is supported by two flexural bearings in the center column.
The position of the beam is detected with a Philtech optical position sensor.
The test devices are located in the Faraday cage mounted on the right.
Thrust calibration coils are located near the Faraday cage.
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C-Flex E-10 flexural bearings.

Two views of one of the flexural bearings that support the thrust balance
Beam in the central column.
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P Li:'
The liquid metal galinstan contacts used in the power circuit mounted
coaxially above the flexural bearings that support the balance beam. The
leads from the contacts fo the connector block on the beam are braid
shielded, and the leads to the test device from that point are shielded as they
pass through the aluminum channel that forms the arm of the balance bears.



Experimental protocol:

Observable thrusts are only produced when the frequency of
the driving signal is on a resonance of the device.

During a cycle when data was acquired, a pulse of on
resonance power was applied for a second or two, followed
by a sweep of the frequencies above and below the
resonance, followed by another on resonance pulse of a
second or two's duration.

In addition to the thrust recorded by the optical position
sensor, we monitored, the voltage across the device ,the
response of an accelerometer embedded in the PZT stack,
and the temperature of the device.

The test routinely done was reversal of the direction of the
device on the end of the balance beam. Non-reversing thrusts
— all assumed spurious — were eliminated by subtraction of the
signals produced in the different directions.
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Summer 2012

EARLY "SPECTACULAR"™ RESULTS
OLIVA\NISBRININIVAI NGOk
CONDITIONS
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Forward

-

Time

Run 1 with temperature trace added to display thermal evolution during powered
interval. Note that the center frequency of the sweep is 35 KHz and the sweep
range Is 14 KHz. The peak of the (dark blue) power trace occurs at about 30.0,KHz.




Time
O 4
Note that the onset of the spectacular behavior occurs when the temperature is

changing at a constant rate (slope) where no thrust effect of thermal origins is
expected. Single run SNR =12.=18/1.5 29



Reversed

Run 1 with temperature trace added to show thermal evolution.
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Reversed

Note too that the thrust pulse is associated with the 30.0 KHz part of the power
and accel. responses, whereas the first forward thrust pulse onset was associated

with higher Frequency parts of the sweep.
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ARE THE RESULTS IN THE
PREVIOUS SLIDES EVIDENCE
FOR A REAL EFFECT?

YES /



Di-lithium crystals?
No PZT or PMN !
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Experimental Conclusions:

The experimental results suggest that Mach effects
actually exist, and,

The detected thrusts are to better than order of
magnitude the same as those predicted when the
explicit acceleration dependent formalism is used.

The experimental program will be directed to scaling the
thrust effect to larger values, eventually to commercial
levels.

From the theoretical point of view, . ..

34



Theoretical Conclusions

Einstein believed in Mach'’s principle in 1918 and listed it on
equal footing with his first 2 principles of relativity;

(1) The principle of relativity as expressed by general covariance
(2) The principle of equivalence

(3) Mach'’s principle (the first fime this term entered the
literature). . .. that the g, are completely determined by the
mass of bodies, more generally by T ,,.

In 1922, Einstein noted that others were satisfied to proceed
without this [third] criterion and added,

“This contentedness will appear incomprehensible to a later
generation however”,

35



Einstein’s prediction has not
vet been realized. But we're
working on |it.

-
o ey DT
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Appendix: Tests of the system:
References slide 54
Dummy capacitor slide 58
Orientation of device on beam  slide 59

Electromagnetic coupling to the environment , and
vacuum ion wind effects.. .... other talk

Conclusion slide 51

TO GO TO A SLIDE, SIMPLY PRESS THE NUMBER & hift “ENTER"
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Emulation of the electrical performance
using a dummy capacitor.

The dummy capacitor attached to the power feed and located in the
Faraday Cage so as to emulate the currents present when the PZT
devices are run. No thrust observed.
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The mounted device with the top half of the Faraday cage removed to
show the interior detail in the four orientations used in the direction
dependence test. 42



Thermal Effects:

Qualitatively, the spectacular thrusts of the previous slides
are hard to discriminate from thermal effects, for when

the rate at which heating takes place in the device changes
quickly, the rate of thermal expansion of the device also
changes, and this can produce a thrust on the balance
beam.

Steady heating and expansion do not produce a force on
the beam, for the expansion proceeds at constant velocity.

43
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The net of the forward and reversed results for the 10 second power pulse showing
the stationary thrust during the last 5 seconds of the pulse after the power on tran-
sients have subsided. The powered and unpowered thrusts are emphasized with
orange lines for ease of interpretation. While there is some small variation of the heat-
ing rate measured in the aluminum cap during the 10 second powered interval, it is
orders of magnitude too small to account for the stationary thrust seen in these results.
Allowing for linear power scaling, this thrust is consistent with the spectacular thryst
obtained with the first device in January.




DEAN DRIVE EFFECT:

Earlier work showed no appreciable change
INn tThe thrust signals when all of the vibrations
damping was removed, indicating that the
thrust signals are not attributable to a Dean
drive effect.

That conclusion is further supported by the
response of the accelerometers fixed to the
central balance beam support column and
the collection of data for full vibration
Isolation, and when part of the isolation
measures were removed.
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Vibration Isolation:

Mechanical systems with vibration can often
produce curious effects. They usually arise from
parts of the system where both static and
dynamical friction operate to produce moftion in
some direction. In this system, the vibration
produced during the operation of the devices
might act on the bearings that support the balance
beam, and that vibration might cause the beam to
move.

Several tests for the effects of vibration were
conducted. The results were all negative, the

following ftest being typical.
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Variation of the vibration isolation:

The two configurations of the mounting bolt attachment to the (dark red) plastic
fork on the end of the balance beam. On the right the rubber O — rings normally
present to attenuate vibration are indicated by the red arrows. On the left, the

O —rings have been removed. The O - rings reduce the vibration reaching the
center support column of the balance by 25%. But this had no effect on the thrust
detected with the balance. 47
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The net thrust signal obtained with full vibration isolation. Pronounced thrust
signals are seen both in the constant center frequency pulses before and after

the sweep, and for both of the resonances during the sweep. 4uN full scale.
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KILOHERTZ
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The net thrust trace for the increased vibration.
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The net of the nets with the results scaled so that the effective power in all
cases was the same (the blue trace in the pre and post sweep pulses is zero).
Slop in getting the center frequency exactly right leaves an uncancelled signal
in the middle of the sweep, so the thrust cancellation as the resonances ares
swept is not exact. But no Dean drive signal appears in these results.



